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Abstract. The phylogenetic relationships of 24 taxa representing the four 
European subfamilies of the Pieridae were studied using enzyme electro- 
phoretic techniques. The mobilities of 20 enzymes, each determined by a 
different locus, were compared. A dendogram is presented indicating the 
grouping of the taxa on the basis of biochemical data. Results agree well with 
those obtained from conventional systematic studies. In cases where the 
relationships between taxa are under discussion, one of the alternatives is 
supported. The Pierinae and Anthocharinae are biochemically clearly 
characterisable entities although the branching point of these two sub- 
families in the dendogram lies only slightly below those of different genera. 
These two subfamilies are separated from the Coliadinae by a clear step of 
genetic divergence. Within the recently subdivided genus Pieris Shrank s. ltr. 
of the Pierinae, three groups of taxa that branch at the same level of 
similarity in the dendogram can be recognized. The taxa of the new genus 
Artogeia Vrty. are no more closely related to each other than they are to the 
taxa of Pieris s. str. Biochemical data support the species rank of the taxa 
cheiranthi Hbn., simplonia F. and crameri Btlr., but indicate a remarkably 
low level of genetic differentiation between the taxa napi L. and bryoniae 
Hbn. 


Introduction 


The systematics of pierid butterflies have been extensively studied by 
several independent taxonomic methods and the Pieridae are now one of 
the best known butterfly families. Despite this, diverging views exist on 
the relationships and status of several taxa at different hierarchical rank. 
Systematic problems at the levels of 1) subfamilies and tribes, 2) genera, 
subgenera and species groups and 3) species and subspecies are discussed 
below. 

1) In a generic revision of the family, Klots (1931/32) grouped the 
Pieridae into three subfamilies: Pseudopontiinae, Dismorphiinae and 
Pierinae and subdivided the Pierinae into three tribes: Euchloini, Rhodo- 
cerini and Pierini. This ‘classification, with or without modifications, has 
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been followed by virtually all subsequent authors. In a comparative analysis 
of the morphology of the Papilionoidea, Ehrlich (1958), following other 
authors (e.g. Ford, 1945), elevated the Coliadinae (Rhodocerini sensu 
Klots, 1931/32) to subfamily status. This classification reflects the closer 
morphological relationship between the Pierini and Euchloini than 
between these two tribes and the Coliadinae or Dismorphiinae. Higgins 
(1975) adopted this system for the European Pieridae, but gave the 
Anthocharinae (Kuchloini sensu Klots) subfamily rank. In the same work, 
Higgins included the genus Catopsilia Hbn. in the Pierinae in the tribe 
Callidryini Kirby but most other authors, including Klots (1931/32), have 
regarded this genus as best placed in the Coliadinae. 

2) Of the European taxa, species of the genus Pieris Schrank have been 
especially problematical. This genus has long been recognized as being 
globally distributed and various authors have included a great number of 
taxa in it, (e.g. Roeber, 1908). In his revision of the Pieridae, Klots 
(1931/32) restricted the number of taxa and subdivided the genus into 
four subgenera. Of the European taxa, he arranged brassicae L. in the 
subgenus Pieris and the taxa napi L., rapae L., manni Mayer and ergane 
Geyer in the subgenus Synchloe Hbn. (together with e.g. callidice Esp.). 
Bernardi (1947) also used the system of subgenera, but, in part, arranged 
the species in different subgenera than previous authors. In his system, the 
subgenus Pieris was divided into three species groups: Pieris 1 s. str. with 
brassicae (of the European fauna), Pieris 2 with napi, rapae, manni and 
ergane and Pieris 3 which is not represented in Europe. Kudrna (1974), 
following Verity (1947), suggested that the species group which includes 
napi, bryoniae Ochsenheimer, ergane, manni, rapae and krueperi Staudinger 
should be placed in a separate genus, Artogeia Verity, and that Pieris only 
houses brassicae, cheiranth Huebner, deota Niceville and brassicoides 
Guerin-Meneville. However, Forster and Wohlfahrt (1976) claimed that 
the taxa included in Artogeia and Pieris are, in fact, congeneric. 

3) Problems with European taxa at the species and subspecies level are 
well illustrated by the taxa of the Pieris (Artogeia) napi-group, the status of 
which have been widely discussed. In the past, it has not been possible to 
determine the phylogenetic distances between many taxa of this group and 
it has been necessary to use complicated taxonomic constructions such as 
the super- and semispecies concepts of Lorkovic (1962), Varga and Toth 
(1968) and Bowden (1972). Theories on the evolution of this group are 
confused (Petersen, 1949; Varga and Toth, 1978; Bowden, 1972) while 
relationships between North American, Asiatic and European taxa remain 
uncertain (Bowden, 1962). One reason for this confusion is the great 
variability of morphological characters within very similar taxa (for the 
variability of wing markings of napi and bryoniae see Mueller and Kautz, 
1939). Investigations of closely related taxa indicate that the variability in 
coloration seems to be strongly influenced by environmental factors (e.g. 
Koyler, 1966; Shapiro, 1975, 1977). 
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Table 2 


Abbreviation] 


Brewer, 1970 













Enzyme 





| Adenylete kinase 
(2 Loci) 


| Glyceraldehyde-phos-| 
phate dehydrogenase 







Harris and Hop-=- 
kinson, 1976 


Scholl (1) 


Harris ans Hop- 
| kinson, 1976* 


ibid 


Brewer, 





| Arginine kinase 





| Malate dehydrogena=~ 
se (2 Loci) 


Aldolase 
| Indophenhol oxydase 











1970* 


Harris and hop- 
kinson, 1976 


| ibid 
ibid 


ibid* 






| Malic enzyme 







Hexokinase 






Pyruvate kinase 









| Glutamate-oxaloace- 
tate transaminase 
(2 Loci) 


6-Phosphogluconate 
dehydrogenase 





Brewer, 1970* 






| ibid* 
Ayala et al., 
1972 


Harris end Hop- 
| kineon, 1976 


Brewer, 1970 


Scholl et al., 
1978 


Fumarase 





Isocitrate dehydro- 
genase (2 Loci) 







Glutamate pyruvate 
transaminase 











Phoaphoglucomutase 






Phosphoglucose Iso- 
merese 





Remarks: 


Buffer Systems : System 1: Tris-citric acid buffer (Ayala et al., 1972) 
System 2: Tris borate EDTA buffer (Ayala et al., 1972) 


*With minor modifications, but the original staining medium would also 
be sufficient 


(1) Scholl (personal communication): Agar overlay method. Staining 
mixture: Glycin buffer (1.52 M Glycin, 42 mM Mgflo°* 6 H20, pH 9.0): 
5ml, PEP : 10 mg, ATP : 40 mg, NADH, : 10 mg, LDH : 90 iU, PK : 20 iU 


Discussions are also in progress on the Euchloe “ausonia-complex”, 
especially the status of the monovoltine populations flying in the Alps and 
Pyrenees and the bivoltine populations of the lower part of France and 
Italy (Back, 1979). 

Recently biochemical methods have become important in the analysis of 
phylogenetic relationships. Enzyme electrophoresis in particular has 
proved very informative (Ayala et al., 1974; Avise, 1974: Selander and 
Johnson, 1973). In this method, the extent of genetic divergence is 
estimated from variation in electrophoretic mobilities of a sample of 
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homologous enzymes of the various taxa. This approach is basically a 
genetic method but differs from other methods, for example the determin- 
ation of interspecific fertility- bridges or sterility-barriers by hybridization 
experiments, in that the degree of genetic divergence is estimated from a 
defined sample of the genotype. Again this is not the case when evaluation 
of phylogenetic relationships is based on morphological data. 

It has been demonstrated that phylogenetic independence of a taxon is 
correlated with gradual biochemical-genetic divergence (Ayala et al., 
1974; Avise, 1974; Selander and Johnsen, 1973) manifested in an 
increasing number of electrophoretically distinguishable enzyme variants. 
Enzyme electrophoresis may provide a basis independent of environmental 
variation for assessing the evolution of the Pieridae. This paper reports 


Table 1l 
Number of Number of 
Population sampling 
sites (2) 


Aporia crataegi L. 


‘Pieris brassicae L. CH,F,D,IRL 
Pieris cheiranthi Hbn. E 

Artogeia rapae L. CH hicks D 
Artogeia mannii Mayer F 

Artogeia napi napi L. CH,F,1,D,GB 


Artogeia napi bryoniae Hbn. 
Pontia daplidice L. 

Pontia callidice Hbn. 

Euchloe simplonia Freyer 
jEuchloe crameri Btlr. 

Euchloe tagis bellezina Bois. 
Anthocharis cardamines L. 
Anthocharis euphenoides Staud 
Colias phicomone Esp. 

Colias palaeno europome Esp. 
Colias myrmidone Esp. 

Colias crocea Geoff. 

lColias hyale L. 

Colias australis Vrty 
Catopsilia florella F. 
Gonepteryx rhamni L. 


Gonepteryx cleopatra L. 





4 
0 
0 
D 
l 
l 
3 
1l 
5 
4 
0 
0 
0 
0 
0 
0 
0 
l 


Leptidea sinapis L. 


Remarks : 


Code for countries: CH = Switzerland, D = Federal Republic of Germany, 
E = Spain, F = France, GB = Great Britain, I = Italy 
IRL = Republic of Ireland 
(1) a population sample consists of a minimum of 10 individuals from 
each sampling site 
(2) this includes samples with less than 10 individuals 


(3) laboratory reared 
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electrophoretic investigations of European taxa. A more comprehensive 
study, incorporating non-European material, is in preparation. 
Materials and Methods 


The material used in this study is listed in Table 1. Samples (only adults 
were studied) were usually stored at -30°C until electrophoresis. Control 
experiments showed that the electrophoretic mobility of the enzymes is 
identical in extracts from deep frozen and fresh specimens. There was 
however a considerable loss of GAPDH and ALD activity (for abbreviations 


used see Table 2) in frozen butterflies. 
Supernatant fractions were prepared for electrophoresis from homo- 


genates of an individual’s thorax and head or its abdomen. The enzymes 
ME and GPT were assayed in supernatants from abdominal homogenates 
and other enzymes in supernatants from homogenates of the thorax and 
head. All enzymes were electrophoresed on vertical starch gels using 
standard procedures of our laboratory which have been described in detail 
elsewhere (Scholl et al., 1978). 

The enzymes assayed are listed in Table 2. A total of 20 enzyme loci has 
been scored in all taxa, with the exception of Euchloe tagis bellezina and 
Leptidea sinapis, for which only 18 enzyme loci were studied. 

All taxa have been compared directly with each other. A precise 
characterization of all electrophoretic variants (electromorphs) was obtained 
by repeated cross-comparisons, with the exception of some rare variants. 
For each enzyme the designation of electromorphs (Tables 3.1 and 3.2) 
was made by comparison to the most frequent variant of Pieris brassicae, 
which defined the index 100. Other electromorphs were designated by 
measuring the difference (in millimeters) in their mobility compared to 
that of the reference P. brassicae variant (under our conditions of electro- 
phoresis) and then adding or subtracting this value from 100. Thus IDH 
103 refers to an [DH-electromorph that migrates 3 mm faster than the 
most frequent IDH-variant of P. brassicae. 

The correct genetic interpretation of electrophoretically detectable 
enzyme phenotypes in polymorphic enzyme systems was proved by 
mating experiments (for comments see also Scholl et al., 1978). 

To estimate the genetic similarities between the taxa, the statistic I as 
defined by Nei (1972) was used. The similarity values I are presented in 
comparisons between pairs of taxa (Table 4) and are a measure of the 
proportion of electrophoretically identical proteins. 

The similarity values I (Tables 4.1, 4.2, 4.3 and 5) were used to generate 
a dendrogram (Fig. 2) according to the unweighted pair) group average 
clustering method (Ferguson, 1980). 

Results 


The different electromorphs found at the various enzyme loci are 
presented in Tables 3.1 and 3.2. We have observed considerable 
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Figure t 


GUT-1 Zymogram 


Intra- and interspecific variability of the enzyme pattern 


Brigin Species Genotype 
© “y © 
Euchloe crameri PEZ 218 
i 1097A 
Euchloe simplonia 193/183 
¥ tt 
Fontia daplidice 85/85 
Anthocharis cardamines. 93/93 
= " it 
Í Aporia crataegi 58/98 
i] Pieris brassicae 100/166 
} o Artogeia napi napi 80/90 
y n 90/96 
3 





GUT-1 heterozygote individuals show a 3-banded phenotype 


polymorphism at some loci and this polymorphism was found in most taxa 
where a large number of individuals have been investigated. At each locus 
only the electromorphs found at the higest frequency are given in Tables 
3.1 and 3.2. The rare variants which are not given do not affect the 
conclusions of the present work. Enzymes which exhibit a low degree of 
interspecific variation, i.e. which migrate the same distance in the majority 
of species, are presented in Table 3.1. Enzymes which have greater 
interspecific variability are shown in Table 3.2. Since the designation of 
the electromorphs is based on the electrophoretic mobility of the enzymes, 
it can be seen from Table 3.1 and 3.2 that the relationships obtained from 
the enzyme pattern agree well with the taxonomic classification obtained 
with classical systematic methods. Electrophoresis patterns are more 
similar between congeneric species than between species of different 
genera. Electrophoretic identity can only be found in some isolated cases 
between species of different subfamilies. It is of interest that three 
enzymes (AK-1, AK-2 and GAPDH) are invariant in all taxa investigated. 

This correlation between genetic similarity, assessed from enzyme 
variants and taxonomic classification becomes clearer if the comparison is 
based on coefficients of genetic similarity rather than the enzyme pattern. 
These coefficients are listed in Tables 4.1, 4.2 and 4.3 as comparisons 
between pairs of the taxa of the subfamilies Pierinae, Anthocharinae and 
Coliadinae, respectively. The subfamily Dismorphiinae is not listed, since 
only one species (Leptidea sinapis) was studied. 
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Table 3.l : Electromorphs found at highest frequency in each species. 


Sere 


Enzymes with low interspecific variation 


100 | 160] 100 94 | 100 
106 | 
100 
100 
100 
100 
100 
100 
100 

















crataegi 









brassicae 








. cheiranthi 








e rapae 







. manni 









n. napi 






e NA. bryoniae 











- daplidice 






«e callidice 


Bimploniea 







e Crameri 


tagis bel. 







cardamines 






euphenoides | 


- phicomone 






«e palaeno 





C. myrmidone 







C. crocea 


C. hyale 






C. australis 
Cat. florella 
G. 
G. 











rhamni 










cleopatra 





100 





The averages of similarity coefficients and their standard deviations 
found between the taxa of the different subfamilies are presented in Table 
5 (as indicated in the method section, the calculation of these coefficients 
is based on the allele frequencies observed, including the minor alleles at 
polymorphic loci, which are not shown in Tables 3.1 and 3.2). 

High similarity coefficients were obtained between taxa which are 
regarded as closely related from morphological and other data (e.g. 
between the members of the genus Colias). These taxa clearly show less 
similarity to more distantly related taxa (e.g. comparison of the Colias and 
Gonepteryx species). The lowest similarity coefficients are found between 
members of the different subfamilies. 

The similarity coefficients between the Pierinae and Anthocharinae are 
clearly higher than between these two subfamilies and the members of the 
Coliadinae and Leptidea sinapis, the only species of the Dismorphiinae | 
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Table 3.2 : Electromorphs found at highest frequenc in eech species. 


Enzymes with high interspecific variation 








MDH-2 


crataegi 
brassicae 
cheiranthi 
rapae 

manni 

nN. napi 

n. bryoniae 
daplidice 


callidaice 


Simplonia 


crameri 


tagis bel. 


cardamines 


euphenoides 


phicomone 
palaeno 
myrmidone 
crocea 
hyale 
australis 


florella 


cleopatra 


Eia bo e [or | 90 fea [es as J [oe far 


investigated. Leptidea sinapis has the lowest similarity coefficients with all 
other taxa. 

A dendrogram (Fig. 2) has been constructed from the similarity 
coefficients (Tables 4.1, 4.2, 4.3 and 5), computed from the primary data 
(Tables 3.1 and 3.2). It showss, more clearly, the grouping of the taxa 
based on the biochemical-genetic data. The four subfamilies can be 
recognized as four branchings, however it is remarkable that the Antho- 
charinae branch from the Pierinae. Branch points of the genera are usually 
above the level of subfamilies (between 0.36 and 0.59). Colias and 
Gonepteryx species branch at a higher level of genetic similarity than 
nongeneric species of the subfamilies Pierinae and Anthocharinae. 





Discussion 
It has become evident from numerous investigations in recent years that 
electrophoretic techniques provide a very valuable tool for systematisists. 
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Table 4.2; 1 = values between Anthocharinae-species 
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crameri 
ə tagis bell. 
ə cardamines 


Ey. 









| E. crameri 


£E. tagis bell. 


E SECRET 


The application of these techniques in establishing genetic relatedness, 
however, appears to be restricted mainly to congeneric species (Ayala et 
al., 1974; Avise, 1974; Selander and Johnson, 1973), since the range of 
similarity detectable by enzyme-electrophoresis rapidly decreases beyond 
the generic level and reaches the critical point where two species have no 
electrophoretically identical enzymes in common. Itis of interest therefore 
that in the Pieridae it has been possible to clearly establish genetic 
affinities even in interspecific comparisons of members of different 
subfamilies. It should be emphasized, however, that the sample of 
enzymes investigated has some influence on the similarity coefficients, 
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since rates of divergence are quite different for individual enzymes. It is 
possible that in this study a rather conservative sample of enzymes has 
been investigated. 

Three enzymes, AK-1, AK-2 and GAPDH, were almost invariant in all 
Pierid species investigated and were the main, though not exclusive 
contributors, to the level of genetic identity found in inter-subfamilial 
comparisons. These three enzymes may prove very valuable for enzymatic 
characterization of butterfly taxa beyond the generic level, though further 
work will be necessary to establish this point. 


Table 4.3 : IT - values between Coliadinae-species 
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Table 5 : Mean -values and standard deviations between 
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O'T SIMv-1 





PIERIS BRASSICAE 


om 


PIERIS CHEIRANTHI 


ES 


ARTOGEIA RAPAE 


06°0 


ARTOGEIA MANNI 


SS 


ARTOGEIA NAPI NAPI 


S . ~ ARTOGEIA NAPI BRYONIAE 


5 PONTIA DAPLIDICE 


ger 


PONTIA CALLIDICE 


Oe APORIA CRATAEGI 


EUCHLOE SIMPLONIA 





€8°0O 


EUCHLOE CRAMERI 
o EUCHLOE TAGIS BELLEZINA 
3 ANTHOCHARIS CARDAMINES 
o ANTHOCHARIS EUPHENOIDES 
5 COLIAS PHICOMONE 
o COLIAS PALAENO EUROPOME 
COLIAS MYRMIDONE 
y : COLIAS CROCEA 


COLIAS AUSTRALIS 


6S 
z78°O 


COLIAS HYALE 
D - CATOPSILIA FLORELLA 


GONEPTERYX RHAMNI 


82 


GONEPTERYX CLEOPATRA 


LEPTIDEA SINAPIS 


1. The genetic divergence of the subfamilies 


The subfamilies investigated show different degrees of genetic diver- 
gence (Table 5). Leptidea sinapis, the only Dismorphiinae in this study, is 
clearly isolated by the biochemical-genetic criteria as it has the lowest 
similarity coefficients. The genetic similarity between the Pierinae and 
Anthocharinae is greater than between these two subfamilies and the 
Coliadinae. The Anthocharinae may be characterized biochemically as a 
unit, but their branching point from the Pierini lies at the same level as 
those between different genera of the Pierini or that between the genera 
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Gonepteryx and Colias (Fig. 2). Therefore this biochemical data support 
the decision of Ehrlich (1958) and others to group the Anthocharini and 
Pierini as tribes of the Pierinae. 

The somewhat closer electrophoretic similarity of Aporia crataegi to the 
Anthocharinae than to the Pierinae is probably not significant, but 
supports the relatively close biochemical-genetic relationship between the 
two subfamilies. 

The isolated position of Leptidea sinapis results from the observation 
that this species has common electromorphs with other Pieridae only at 
the AK-1, AK-2, APK and MDH-1 loci which are all highly conservative, 
i.e. have a low number of electromorphs in the material investigated (see 
Table 3.1). Lorkovic recently expressed some doubts, based on morpho- 
logical observations, as to whether Leptidea is really a Pierid (personal 
communication). It would be of interest to investigate whether the low 
degree of genetic similarity of Leptidea sinapis is typical for other taxa of 
the subfamily Dismorphiinae or the genus Leptidea. At the same time, 
however, the genetic divergence of species of other butterfly families from 
the Pieridae should be established and compared with the value found for 
Leptidea sinapis. 

2. The position of Catopsilia florella F. 1775 


There is a remarkable high genetic similarity between Catopsilia florella 
and species of the genus Colias. This similarity is clearly higher than that 
between species of Colias and Gonepteryx. Higgins (1975) classified 
Catopsilia florella as a Pierinae species. The biochemical genetic data 
support the opinion of most other authors (e.g. Klots, 1931/32), that 
Catopsilia florella should be included together with the species of the 
genera Colias and Gonepteryx into the subfamily Coliadinae. 


3. The division of the genus Pieris Schrank 1801 


Verity (1947) and Kudrna (1974) maintain that the genus Pieris Schrank 
1801 should be subdivided into two genera, Pieris and Artogeia Verity 
1947 respectively. The taxa brassicae and cheiranthi, which were thus 
isolated in the “new genus Pieris”, show the same biochemical-genetic 
similarity with taxa of the “new genus Artogeia”’ as is found between 
Artogeia taxa themselves. Therefore, the electrophoretic data do not 
support the proposal that the old genus Pieris should be split in two. 

Current investigations of additional taxa of this group may clarify the 
phylogenetic relationships. 


4. The relationships between the taxa brassicae L. and cheiranthi 
Hbn. and between the taxa simplonia F. and crameri Btlr. 


Unlike sympatric species where reproductive isolation is directly 
demonstrable, the relationships of allopatric populations is often difficult 
to determine. Pieris brassicae L. and its isolate P. cheiranthi Hbn. in the 
Canary Islands, and Euchloe crameri Butler of the Mediterranean region 
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and its subalpine relative E. simplonia Freyer are examples of such cases. 
P. cheirantht was originally described as a new species, but has since 
been regarded by many authors as a subspecies of P. brassicae (e.g. 
Higgins, 1975). Others maintain that they are specifically distinct 
(Kudrna, 1973; Schurian, 1975). Similarly, E. simplonia is often considered 
as a “glacial”? subspecies conspecific with E. crameri, even though many 
others have assumed them to be good species on the basis of morphological 
differences. In particular, distinctness of their larvae and pupae is well 
known (e.g., Catherine, 1920; Verity, 1947; Back, 1979). Neither enzyme 
analysis nor morphological studies measure reproductive relationships. 
Nevertheless, the magnitude of genetic divergence between related 
allopatric forms may provide some insight into such systematic problems 
when it is compared with data for the sympatric species pairs. The pairs A. 
rapae and A. mannii, A. cardamines and A. euphenoides, G. rhamni and G. 
cleopatra, and those of the genus Colias are at least partially sympatric. 
Some are sibling species. Similarity indices for these pairs range from 0.74 
to 0.90. Some of these species have wide distribution ranges, but the 
genetic divergences in geographically distant populations so far studied 
are significantly lower than the range given above; for instance, A. rapae 
from Europe and Japan, or A. cardamines from Europe and Japan have the 
Tvalue of at least 0.95 (unpublished data). In contrast, the I value of 0.88 
for E. crameri and E. simplonia, falls within the range of genetic disparity 
found for sympatric species pairs. The interspecific genetic similarities of 
some sibling species may overlap with intersubspecific similarities in 
Drosophila (Ayala et al., 1974). We have not encountered similar cases in 
butterflies, yet future studies may reveal such situations. With this 
reservation, therefore, the data suggest specific distinctness of the above 
allopatric pairs. Rapid genetic drift and establishment of reproductive 
barriers in island populations or experimental stocks founded from small 
numbers of individuals have been demonstrated in Drosophila (e.g. Carson, 
1968; Templeton, 1980). P. cheiranthi may represent such an example. It 
would have been extremely interesting if the genetic composition of the 
newly founded colony of P. brassicae in Chile (Gardiner, 1974) were 
followed from the beginning and compared with P. cheiranthi and 
European P. brassicae. 


5. The napi - bryoniae problem 


The taxa napi L. and bryoniae Hbn. have been regarded as: different 
species (Mueller and Kautz, 1938; Forster and Wohlfahrt, 1976), as 
semispecies (Lorkovic, 1962) or as subspecies (Higgins, 1975). Bowden 
(1972) describes the holarctic Pieris napi - bryoniae complex as a “perfect 
example of a superspecies”. The present results on 20 enzyme loci 
support previous observations (Geiger, 1978) that biochemical-genetic 
differences between these two taxa are extremely low (I values between. 
population samples of at least 0.992). The same electromorphs occur in 
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both taxa, when very infrequent electromorphs are disregarded. The 
previous observations (Geiger, 1978) that differences between napi 
population samples are sometimes greater than differences between napi 
and (Swiss) bryoniae, has been substantiated here with more animals. A 
specific report on napi and bryoniae and on some closely related taxa is in 
preparation. 
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